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ABSTRACT 
We completed s u r v e y s  of 11 permanent s u b t i d a l  s t a t i o n s ,  1 7  random sub- 
t i d a l  s t a t i o n s ,  4 permanent i n t e r t i d a l  s r a t i o n s ,  and 29 random i n t e r -  
t i d a l  s t a t i o n s  d u r i n g  t h e  p e r i o d .  I n  a d d i t i o n ,  we conducted s t u d i e s  
on t h e  s e a  o t t e r ,  Enhydra Z u t r i s ,  he rd  l o c a t e d  between Diab lo  Cove and 
P o i n t  Buchon, c o n t i n u e d  t h e  a n n u a l  coun t  of t h e  mature  bed of t h e  b u l l  
k e l p ,  N e r e o c y s t i s  Zzcetkeana, w i t h i n  Diab lo  Cove, and i n t e r v i e w e d  com- 
a e r c i a l  a b a l o n e  and s e a  u r c h i n  d i v e r s  f o r  c a t c h - p e r - u n i t - o f - e f f o r t  d a t a .  
During t h e  y e a r ,  s e a  o t t e r s  moved s o u t h  i n t o  t h e  cove  e a s t  of Lion Rock 
and t h e n  i n t o  D i a b l o  Cove. 
The corrmert ia l  a b a l o n e  f i s h e r y  showed s i g n s  of d e c l i n e ,  w h i l e  t h e  com- 
m e r c i a l  s e a  u r c h i n  f i s h e r y  c o n t i n u e d  t o  expand. S e v e r a l  d i v i n g  s u r v e y s  
were conducted i n s i d e  I n t a k e  Cove t o  check on d r e d g i n g  p r o g r e s s ;  t h e  
cove a p p e a r s  t o  have become a haven f o r  j u v e n i l e  r o c k f i s h  ( S e b a s t e s ) .  
The r e d  a b a l o n e  t e m p e r a t u r e  t o l e r a n c e  s t u d i e s  were  completed a t  t h e  
Depar tment ' s  mar ine  c u l t u r e  l a b o r a t o r y  a t  G r a n i t e  Canyon. 
This  is  t h e  f k r s t  annual  r e p o r t  submit ted i n  p a r t i a l  f u l f i l l m e n t  
of Research Contract  No. 68-1047 between t h e  Department of Fish and 
Game and t h e  P a c i f i c  Gas and E l e c t r i c  Company. Through t h i s  c o n t r a c t  
t h e  Department of F i sh  and Game i s  t o  conduct e c o l o g i c a l  monitor ing 
s t u d i e s  t o  determine what changes have occurred s i n c e  1970 and 1971 
i n  t h e  base  l i n e  inven to ry  of t h e  marine b i o t a ,  w i t h  s p e c i a l  r e f e r e n c e  
t o  f i s h  and abalone. 
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INTRODUCTION 
During 1970 and 1971 Department of F ish  and Game b i o l o g i s t s  conducted 
s t u d i e s  of i n t e r t i d a l  and s u b t i d a l  p l a n t  and animal  communities i n  and 
around Diablo Cove (Burge and Schul tz  1973).  These s t u d i e s  placed s p e c i a l  
emphasis on t h e  abundance of abalone and bony f i s h e s .  The d a t a  from these  
p r e o p e r a t i o n a l  surveys were designed t o  determine t h e  p o s s i b l e  e f f e c t s  on 
t h e  t a r g e t  s p e c i e s  from thermal  d i scha rge  r e s u l t i n g  from t h e  Diablo Canyon 
Nuclear Power P l a n t .  The f i r s t  u n i t  of t h i s  f a c i l i t y  i s  scheduled t o  begin 
ope ra t ing  sometime dur ing  1975. 
I n  1972 sea  o t t e r s ,  Enhydra l u t r i s ,  began fo rag ing  j u s t  n o r t h  of t h e  
power p l a n t  s i t e  and by mid-1973 t h e s e  mammals were making occas iona l  feed- 
i n g  f o r a y s  i n t o  Diablo Cove and t h e  cove j u s t  n o r t h  of Diablo Cove. Two of 
t h e  major components of t h e  sea  o t t e r s  d i e t  a r e  abalone,  H a l i o t i s  spp . ,  and 
s e a  u rch ins ,  StrongyZocentrotits spp. 
I n  a d d i t i o n ,  commercial sea  u rch in  f ishermen began h a r v e s t i c g  i n  t h e  
Diablo Canyon a r e a ,  and commercial aba lone  fishermen were inc reas ing  t h e i r  
e f f o r t s  i n  t h i s  a r e a  due t o  l o s s  of t r a d i t i o n a l  beds from s e a  o t t e r  forag ing  
n o r t h  of Morro Bay. 
A s  a consequence of t h e s e  developments, P a c i f i c  Gas and E l e c t r i c  
Company con t r ac t ed  w i t h  t h e  Department i n  June 1973 t o  conduct new ecolog- 
i c a l  s t u d i e s  i n  Diablo Cove t o  monitor t h e  e f f e c t s  of s e a  o t t e r s  and com- 
merc i a l  f i s h e r i e s  on permanent i n t e r t i d a l  and s u b t i d a l  s t a t i o n s .  
Th i s  r e p o r t  covers  r e s u l t s  of our  s t u d i e s  from J u l y  1, 1973 through 
June 30, 1974, and inc ludes  Quar t e r ly  Report d a t a ' f o r  t h e  per iod  A p r i l  1, 
through June 30, 1974. 
OPERATIONS - 
During t h e  year  we spent  238 man-days a t  t h e  s i t e ,  surveying 61  perma- 
nen t  and random i n t e r t i d a l  and s u b t i d a l  s t a t i o n s  (Appendix I ) .  S u b t i d a l  
surveys  were occas iona l ly  c u r t a i l e d  due t o  boa t  breakdowns and poor weather.  
However, dur ing  two breakdown pe r iods ,  we were a b l e  t o  u se  t h e  p a t r o l  boa t  
RAINBOW. Our e f f i c i e n c y  was 5nc.reased s i g n i f i c a n t l y  i n  A p r i l  when w e  moved 
ou r  boa t  SEBASTES t o  a  permanent mooring i n  In t ake  Cove. 
Much of our f i e l d  work involved monitor ing o r  r e e s t a b l i s h i n g  and sur-  
veying t h e  permanent s u b t i d a l  and i n t e r t i d a l  s t a t i o n s .  I n  a d d i t i o n ,  w e  
s e t  up a  random sampling program i n  Diablo Cove ( i n t e r t i d a l  and s u b t i d a l )  
and a Control  Area about  1 n a u t i c a l  mi l e  n o r t h  on the  Pecho Ranch ( F i e l d ' s  
p rope r ty ) .  Whenever t ime al lowed,  we in te rv iewed commercial abalone and 
u rch in  d i v e r s .  Weekly counts  were made on t h e  sea  o t t e r  herd sou th  of 
Po in t  Buchon. 
SUBTIDAL SURVEYS 
Permanent S t a t i o n s  
Methods 
Surveys of t h e  permanent s t a t i o n s  e s t a b l i s h e d  i n  1970 by Burge and 
Schul tz  were conducted i n  t h e  same way a s  descr ibed  by Burge and Schul tz  
(1973) (F igure  1 ) .  Two d i v e r s  s w i m  a long  t h e  30 m (99 f t )  t r a n s e c t  count ing 
o r  e s t ima t ing  abundance of macro lnver tebra tes ,  brown a l g a e  and f i s h ,  w i t h i n  
1 m (3.3 f t )  on e i t h e r  s i d e  of t h e  t r a n s e c t  l i c e .  Counts a r e  made of 
abalone,  aba lone  compet i tors  and p reda to r s ,  and b u l l  ke lp .  I n  a d d i t i o n ,  w e  
q u a n t i f i e d  an  a d d i t i o n a l  20 t o  25 s p e c i e s  of i n v e r t e b r a t e s ,  and whenever 
2 p o s s i b l e ,  ob ta ined  k k m2 (2.7 f t  ) sample of r e d  a l g a e  o f f  t h e  t r a n s e c t  f o r  
s p e c i e s  composition and q u a n t i f i c a t i o n  ( see  i n t e r t i d a l  methods f o r  d e t a i l s ) .  
- 
sraaaw 
I I 1 
00s OSZ 0 







R e s u l t s  
I n  September and October 1973, we loca t ed  and rep laced  buoys on 
s t a t i o n s  7 ,  8,  9 ,  10, 11, 12,  15  and 16. We a l s o  conducted f a l l  surveys of 
t h e s e  s t a t i o n s .  S ta tkon  6 was loca t ed  and buoyed, bu t  weather cond i t i ons  
and poor underwater v i s i b i l i t y  prevented us  from conducting a survey.  
S t a t i o n s  13  and 14 were no t  l oca t ed .  Bat stars, P a t i r i a  rniniata ,  and g i a n t  
r ed  s e a  u rch ins ,  StrongyZocentrotus  f r anc i scanus ,  were t h e  most abundant 
i n v e r t e b r a t e s  q u a n t i f i e d  dur ing  f a l l  surveys  (Table 1 ) .  General ly ,  t h e  
numbers of r ed  aba lone ,  HaZiot i s  m f e s c ~ n s ,  rock  c rabs ,  Cancer an t ennur ius ,  
and g i a n t  r e d  s e a  u rch ins  decreased when compared wi th  1971 mean counts  
(Table 2 ,  F igure  2) .  However, counts  of sun£ lower s t a r s ,  Pycnopodia 
h e l i a n t h o i d e s ,  increased .  The a c t i v i t i e s  of fo rag ing  sea  o t t e r s  and com- 
merc i a l  u rch in  and abalone f ishermen probably con t r ibu ted  t o  t h e  d e c l i n e  i n  
- 
numbers . 
Random S t a t  i o n s  I 
Methods 
I n  o rde r  t o  o b t a i n  a b e t t e r  understanding of t h e  p l a n t  and animal  com- 
muni t ies  of Diablo Cove and a s u i t a b l e  c o n t r o l  a r e a ,  we i n i t i a t e d  a s t r a t i -  
f i e d  random sampling p l a n  s i rn i la r  t o  t h e  one used a t  Po in t  Arena (Gotsha l l  
e t  a l .  1974). The P a c i f i c  Gas and E l e c t r i c  Co. bathymetr ic  map of Diablo 
Cove was used t o  d i v i d e  t h e  cove i n t o  b locks  30.5 m (100 f t )  on a s i d e .  . 
The blocks were numbered and then  separa ted  i n t o  shal low (2.1-7.6 m) and 
deep (7.9-18.3 m) s t r a t a .  Four shal low and two deep s t a t i o n s  a r e  s e l e c t e d  
from random number t a b l e s .  I f  t h e s e  s t a t i o n s  a r e  completed be fo re  t h e  end 
of t h e  survey pe r iod ,  s i x  more s t a t i o n s  a r e  s e l e c t e d .  S t a t i o n s  a r e  l oca t ed  
u t i l i z i n g  a fathometer  and t r i a n g u l a t i o n  w i t h  hand-held compass. S u b t i d a l  
1 ' 1  . 
b 1 
TABLE 1. Numbers o f  25 S p e c i e s  of I n v e r t e b r a t e s  Observed During F a l l  and Winter* at Permanent 
S u b t i d a l  S t a t i o n s  - Diab lo  Canyon Power P l a n t  S i t e .  
S p e c i e s  S t a t i o n  number 7 




Anthop Zeura artemesia 
Anthop Zeura xmthogrannrrica 
TeaZia crassicornis 
Tea Zia Zofotensis 
ECHlNODERMATA 
Cuc7maria rrriniata 
Eupentacta qwinquesemi ta  
Henricia ZeviuscuZa 
Orthas ter ias  koh Zeri 
PaterYia rniniata 195 167 214 218 129 119 110 110 16 3 34 5 3 
Pisas t e r  brevispinus 1 0  5 0 0 0 1 5 7 0 0 0 
Pisas t e r  giganteus 9 9 1 4  1 4 2 6 9 0 19 0 
Pisas t e r  ochraceus 0 0 6 0 0 0 3 1 0 26 0 
Py enopodia he Zimthodes 0 1 1 5 4 0 11 1 4 0 1 
TABLE 1. (cont)  
Spec i e s  S t a t i o n  number 
F a l l  Winter F a l l  F a l l  F a l l  Winter F a l l  Winter F a l l  F a l l  F a l l  
ECHINODERMATA (cont )  
Stichopus aaZifornicus 1 1 0 0 0 0 1 2 6 0 0 
Strongy Zocentrotus 
p urp @at us 




Astraea gibberosa+ 4 4 1 39 11 2 6 
Cryptochiton s t e  ZZeri 0 3 3 0 0 0 
Dend~odoris fuZva 1 9 1 16 3 3 
BaZiotis kamtschatkana 0 1 0 0 0 2 
HaZiotis rufescens 1 0 7 2 0 0 
Hinnites mZ tirugosus 0 0 0 0 0 0 
CHORDATA 
Stye Za montereyensis 0 0 NC 1 0 1 
* F a l l  surveys = September-October 1973, w in t e r  surveys  = March 1974 
+ I n c o r r e c t l y  l i s t e d  as A. wzdosa i n  t h i r d  q u a r t e r l y  r e p o r t  
MC Presen t  bu t  n o t  counted 




EL 681 62 68 98 E9E ZZZ TET 
8TT ZZ TE 178 60T S 8SZ SLZ 
€5 ZST TB Z 6 8 L 962 6BT 887: 
S*E E'T E'O O'T E'E 6'9 E 0'6 TL 67: 
5.0 0 E'O L'O L'Z O'T 0'T 0'Z 
sapzoyquw?Zay vpodsua@ 
0'59 0'6 0 E-0 0 L'O O'Z L'E OL 67: 
5.T E*T C 0 0 E'O L'T E'T TL 6T 
Cancer antennarius Ha l io t is  rufescens 
t Pycnopodia helianthoides - Strongy locentrotus franciscanus - 
F I G U R E  2 .  Mean counts  'of s e l e c t e d  inve-kcebrates a t  permanent s u b t i d a l  s t a t i o n s  - 
Diablo Canyon Power P l a n t  s i t e  - 1970-1974 ( S t a t i o n s  7,10,11 presented  
s e p a r a t e l y  as they  a r e  t h e  only  s t a tLons  surveyed i n  1974). 
random sampling w i l l  only b e  conducted once a  y e a r ,  dur ing  t h e  per iod  May 
through August. A t  each s t a t i o n  counts  a r e  made of s e l e c t e d ,  countable  
i n v e r t e b r a t e s  w i t h i n  a  30 m2 a r c ;  t h e  b o a t ' s  anchor s e r v e s  a s  t h e  cen te r  
of t h e  c i r c l e .  Counts a r e  a l s o  made on s e l e c t e d  s p e c i e s  of brown a lgae .  
Numbers of f i s h e s  observed i n  t h e  a r c  a r e  es t imated  and recorded.  Red 
a l g a e  are q u a n t i f i e d  by c o l l e c t i n g  a l l  red a l g a e  from a randomly placed 
1/2 m2 w i t h i n  t h e  30 m2 a r c  ( s e e  i n t e r t i d a l  s e c t i o n  f o r  methods of process- 
i n g  t h e  r e d  a l g a e ) .  P h y s i c a l  d a t a  i nc lud ing  depth ,  s u b s t r a t e ,  v i s i b i l i t y  
and s u r f a c e  and bottom temperatures  a r e  a l s o  recorded a t  each s t a t i o n .  
S e l e c t i o n  of  random s t a t i o n s  i n  a  c o n t r o l  a r e a  about one mi l e  n o r t h  
of Diablo Cove (F igure  3) i s  accomplished i n  a  d i f f e r e n t  manner because of 
a l a c k  of  a  ba thymet r i c  map. The s i x  s t a t i o n s  a r e  chosen by s e l e c t i n g  
s i x  numbers from 20 t o  60 (compass bea r ing  from a prominent landmark i n  
t h e  c e n t e r  of t h e  a r ea )  from random number t a b l e s .  Then s i x  s t a t i o n s  rang- 
* i n g  froiu 2.1 m (7  f t )  t o  18.3 m (60 f t )  a r e  s e l e c t e d  from t h e  t a b l e s ;  t h r e e  
numbers from 2 .1  m t o  7.6 m (25 f t ) ,  two from 7.9 m (26 f t )  t o  15.2 m 
(50 f t )  and one from 15.6 m (51  f t )  t o  18.3 m (60 f t )  . S t a t i o n s  a r e  l oca t ed  
a s  b e f o r e  w i t n  hand bea r ing  compass and fathometer .  
R e s u l t s  
The North Cont ro l  Area d i f f e r s  from Diablo Cove i n  be ing  somewhat more 
exposed. This  d i f f e r e n c e  probably accounts  f o r  most of t h e  d i f f e r e n c e  i n  
mean counts  of  i n v e r t e b r a t e s  (Table 3) .  For example, t h e  sponge, Tethys 
aurantia, and r ed  t u r b i n  s n a i l ,  Astraea gtbberosa, were more abundant i n  
Diablo Cove. Green aneomones, AnthopZeura xanthogrammica; red s e a  s t a r s ,  
Henricia ZeuiuscuZa; s e a  s t a r s ,  Orthasterias kohleri, Pisaster gigcznteus, 
Pisaster ochraceus; sun£ lower stars; s e a  cucumbers, Stichopus caZi fomicus; 
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TABLE 3-  Comparison of Numbers and Percent  Frequency of Occurrence of 28 
Spec ies  of I n v e r t e b r a t e s  - Random S u b t i d a l  S t a t i o n s  - North Control  
and Diablo Cove - Diablc Canyon Power P l a n t  S i t e  - May and June 1974. 
Spec ies  Diablo Cove 
Sum Percent  &an/ 
frequency 30 m2 
North Cont ro l  
Sum Percent  Mean/ 
f requency 30 m2 
PORIFERA 
Tethya aurantia 35 
COELENTEMTA 
AZZopora ca Z i  fomica 0 
Anthop Zeura artemesia 17 
Anthop Zeum xanthogrammica 32 
TeaZia crassicomis 3 
TeaZia Zo fotensis 9 
ECHINODE W T A  
Cuemaria Irciniata 2 
Henricia ZeviuscuZa 19 
Leptasterias aequaZis 2 
Orthasterias koh Zeri 10 
Pateria miniata 783 
Pisaster brevispinus 0 
Pisaster giganteus 1 2  
Pisas t e r  ochraceus 3 
Pycnopodia he Zianthodes 20 
Stichopus caZi fomicus 2 
SSrongj lo centrotus 1264 
franciscanus 
Sty Zasterias forreri 1 
TABLE 3 .  (cont)  
--- -. 
Diab lo  Cove North C o n t r o l  
S p e c i e s  
Sun Pe rzen t  Mean Sum P e r c e n t  Mean 
f r e q u e n c y  f requency  
ARTHROP ODA 










Stye Za rintereyensis 
TOTAL STATIONS 
The l a r g e r  mean counts  of g i a n t  red  sea  u rch ins ,  red  abalone,  rock 
c rabs ,  and probably r ed  t u r b i n  s n a i l s  i n  Diablo Cove a r e  due t o  a  l a r g e  
e x t e n t  t o  t h e  heavy fo rag ing  of s e a  o t t e r s  i n  t h e  North Control  Area. 
Bathymetric d i s t r i b u t i o n  i n  both  Diablo Cove and North Control  were 
s i m i l a r  f o r  t h e  fo l lowing  s p e c i e s :  Tethya a ~ a n t i a ,  TeaZia crassicornis, 
Leptasterias aequaZis, Grthosterias kohZeri, Pateria miniata, Pisaster 
giganteus, P. ochraceus, Pycnopodia hezianthoides, Dendrodoris fuZva, and 
Styela montereyensis (Tables 4 and 5 ) .  
Some s p e c i e s  occurred a t  our  random s t a t i o n s  i n  one a r e a  but  no t  i n  
t h e  o t h e r ,  among t h e s e  were: Pisaster brev<spinus, StrongyZocentrotus 
purpuratus, StyZasterias forreri, Cancer antennarius, CadZina Zuteomarginata, 
Cryptoch.iton s t e  ZZeri, HaZiotis kamtschatkana, and Hinnites muZtirugosus. 
The most abundant animals  i n  bo th  a r e a s  were g i a n t  red  sea  u rch ins  and 
b a t  s t a r s .  
Diver Observed F i shes  
Methods 
A t  each permanent and random s t a t i o n  t h e  d i v e r s  i d e n t i f i e d  and e s t i -  
mated t h e  abundance of f i s h e s  w i t h i n  t h e  s t a t i o n  boundries .  We a l s o  i n d i -  
c a t e d  whether o r  no t  t h e  f i s h  were j u v e n i l e s  o r  a d u l t s .  
R e s u l t s  
The d i v e r s  i d e n t i f i e d  28 s p e c i e s  of f i s h  a t  22 s t a t i o n s  i n  Diablo Cove 
and 6 s t a t i o n s  i n  t h e  North Control  Area (Table 6 ) .  Blue r o c k f i s h ,  Sebastes 
mystinus, a d u l t s  and j u v e n i l e s  were n o t  only t h e  most abundant f i s h e s ,  bu t  
were a l s o  observed a t  more s t a t i o n s  (78.6%),  t haneany  of t h e  o t h e r  spec i e s .  
Pa in ted  g reen l ing ,  OxyZebius pictus ,  and k e l p  g reen l ing ,  Hexagrammos 
d e c a g r m s ,  were t h e  second and t h i r d  most f r e q u e n t l y  observed f i s h e s ,  
TABLE 4. Nurhers and Frequency of  Occurrence by Depth of 25 Species  of  I n v e r t e b r a t e s  - Random 
S u b t i d a l  S t a t i o n s  - Diablo Cove - Diablo Canyon Power P l a n t  S i t e  - May and June 1974. 
Depth range: Spec i e s  2.4 - 7.6 m 7.9 - 15.2 m S urn P e r c e c t  Me  an S um Percent  Mean 
frequency frequency 
Tethya amantia 21 55.6 2,33 14 100.0 7.00 
COELENTERATA 
Anthop Zeura ar tem~sia  0 0.0 0.00 17 50.0 8.50 
Tea Zia crasricomis 
TeaZia Zofotensis 





TABLE 4.  (cont)  
Spec ies  
* 
Depth range: 2.4 - 7.6  m 
S urn Percent  Mean 
frequency 
7 . 9  - 15.2 rn 
S urn Per cent  Me an 
frequency 
ECHINODERMATA (cont)  
Stichopus caZifornicus 
Strongy Zocentrotus franciscanus 
Strongy Zocentrotus p q u r a t u s  











Stye Za montereyensis 0 0.0 0 .OO 1 50.0 0.50 
TOTAL STATIONS 9 2 
TABLE 5. Numbers and P e r c e n t  Frequency of Occurrence by Depth of 22 S p e c i e s  of I n v e r t e b r a t e s  - Random 
S u b t i d a l  S t a t i o n s  - North  C o n t r o l  - Diab lo  Canyon Power P l a n t  S i t e  - May and June 1974. 
S p e c i e s  2.4 - 7.6 m 7.9 - 1.5.2 m 15.6 - 22.9 m 
Sum P e r c e n t  Nean Sum P e r c e n t  Mean Sum Percen t  Mean 
f requency  f requency f requency 
PORIFERA 
Te thya a u ~ e n t i a  
COELENTERATA 
A Z Zopora c a l i  @ m i c a  0 0.0 0.00 0 0.0 0.00 3 100.00 3.00 
Anthop Zeura artemesia 0 0.0 0.00 6 50.0 3.00 0 0.00 0.00 
Anthup Zeura xanthog~wmticn 17 100.0 5.67 6 50.0 3.00 0 0.00 0.00 I 
0 0.0 0.00 0 2 IU TeaZia e ras s i comi s  0.0 0.00 100.00 2.00 P 
I 
Yeal ia  Zofotensis 0 0.0 0.09 2 50.0 1.00 3 100.00 3.00 
Henricia Zeviuscula 4 33.3 1.33 4 100.0 2.00 6 100.0 6.00 
Lep tas  t e r i a s  aequalis 1 33.3 0.33 0 0.0 0.00 0 0.0 0.00 
Orthasterias kohler i  0 0.0 0.00 4 100.0 2.00 10 100.0 10.00 
Pateria miniata 3 7 100.0 12.33 261 100.0 130.50 94 100.0 94.00 
Pisaster  brevispinus 0 0.0 0.00 0 0.0 0 .OO 2 100.0 2.00 

































































































































































































































































































TABLE 6. P e r c e n t  Frequency of Occurrence o f  Diver  Observed F i s h e s  a t  Permanent 
and Random S u b t i d a l  S t a t i o n s  b y  Depth - Diab lo  Canyon Power P l a n t  
S i t e  - September 1973  th rough  J u n e  1974. 
S p e c i e s  Depth r a n g e  
2.4 - 7.6 m 7.9 - 15.2 m 15.6 - 22.9 m Combined 
BATHYMASTERIDAE 
Rathbunne Za hypop Zecta 0.0 0.0 75.0 10.7 
BOTHIDAE 
Citharichthys s p .  6.6 
COTTIDAE 
Orthonopias t r iacus  6.6 
Scorpaenichthys 
marmora t u s  
EMBIOTOCIDAE 
Brachyistius frenatus 6.6 
Cymatogas t e r  aggregata 6.6 
DmaZichthys vacca 1 3 . 3  
Embiotoca jacksoni 20.0 
Embiotoca ZateraZi s 33.3 
Bypsurus caryi  6.6 
Phanerodon a t r i pe s  6.6 
GASTEROSTEIDAE 
Aulorhynchus flawidus 0.0 
GOBIESOCIDAE 
Gobiesox meandricus 6 . 6  
GOBIIDAE 
Coryphopterus n i c h o l s i t  6.6 
TABLE 6 (cont) 
Species  D e p t h  R a n g e  
2.4 - 7.6 m 7.9 - 15.2 m 15.6 - 22.9 m C o m b i n e d  
HEXAGRAMMI LIAE 
Hexagrmos de cagrcmp71u.s 40.0 77.8 25.0 50.0 
Hexagrmos superciZiosus 6.6 0.0  0.0 3.6  
Gphiodon e Zongatus 6.6 3 3 . 3  25.0 17.8 
Oxy Zebius pictus 46.7 44.4 100.0 53.6 
LAB R I D A E  




Sebas t e s  me Zanops 
Sebastes ntiniatus 




C L I N I D A E  
Gibboncia s p  . 
NUMBER O F  STATIONS 
occur r ing  a t  53.6 and 50.0% of t h e  s t a t i o n s  r e s p e c t i v e l y .  I n  1970 Burge 
and Schul tz  r epo r t ed  t h a t  pa in t ed  g reen l ing ,  b l u e  r o c k f i s h  and k e l p  green- 
l i n g  r e s p e c t i v e l y  were t h e  t h r e e  most f r e q u e n t l y  observed s p e c i e s .  I n  1971 
the  p a t t e r n  changed, b l ack  and yel low r o c k f i s h ,  Sebastes chrysomezas, 
rep laced  k e l p  g reen l ing  a s  t h e  t h i r d  most commonly encountered f i s h .  
Some t r ends  i n  b2th;metric d i s t r i b u t i o n  worth no t ing  inc lude  t h e  
fo l lowing:  g e n e r a l l y  t h e  sanddabs, C i t k r i c h t h y s  spp. ;  most su r fpe rches  
(Embiotocidae);  c l i n g f i s h ,  Gobiesox maeanc5icus; rock g reen l ing ,  Hexagrmos 
superciZiosus; s e n o r i t a ,  OxyjuZis cazifornica; b lack  and yel low r o c k f i s h ,  
Sebastes chrysomeZas; and ke lp  f i s h ,  Gibbonsia s p .  occurrences were l i m -  
i t e d  t o  t h e  shal low s t a t i o n s .  Conversely, smooth r o n q u i l s ,  RathbuneZZa 
hypoptecta; p i l e  su r fpe rch ,  L)amaZichthys vacca; pain ted  g reen l ing ,  OxyZebius 
p i c k s ;  gopher r o c k f i s h ,  Sebastes camatus;  b lack  r o c k f i s h ,  S.  meZanops; 
vermi l ion  r o c k f i s h ,  S. miniatus; canary r o c k f i s h ,  S. pinniger; and o l i v e  
r o c k f i s h ,  S.  serranoides, were more f r e q u e n t l y  observed a t  deeper s t a t i o n s .  
The s t a t i o n s  i n  Diablo Cove y i e lded  more s p e c i e s  than  t h e  s t a t i o n s  i n  
t h e  North Cont ro l  Area, 28 a s  opposed t o  14 (Table 7 ) .  This  d i f f e r e n c e  may 
be due, a t  l e a s t  i n  p a r t ,  t o  t h e  sma l l e r  number of s t a t i o n s  surveyed i n  t h e  
North Cont ro l  Area. 
Seve ra l  spec i e s  recorded dur ing  1970 and 1971 d iv ing  surveys have no t  
y e t  been encountered by our  d i v e r s ,  namely: wolf e e l ,  Anarrhichthys 
oceZZatus; C a l i f o r n i a  sheephead, Pi;neZometopon puZchmun; k e l p  r o c k f i s h ,  
Sebastes atrovirens; monkeyface-eel, Cebidichthys vioZaceus; and copper 
r o c k f i s h ,  Sebastes caurinus. 
- 26 - 
TABLE 7. P e r c e n t  Frequency o f  Occurrence o f  Diver  Observed F i s h e s  a t  
Permanent and Random S u b t i d a l  S t a t i o n s  - D i a b l o  Cove and North 
C o n t r o l  - Diab lo  Canyon Power P l a n t  S i t e  - September 1973 
t h r o u g h  J u n e  1974. 
S p e c i e s  D i a b l o  Cove North  C o n t r o l  
BATHYMASTERIDAE 
Rathbunne Za hypop Zecta 
BOTHIDAE 
Cithmichthys s p  . 
COTTIDAE 
Orthonopias tr iacus 
Scorpaenichthys marmoratus 
EMBIOTOCIDAE 






Phanerodon atr ipes  
GAS TEROS TEIDAE 




Coryphopterus nichozsi i  
- 27 - 
TABLE 7 (cont) -. 
4 
Species Diablo C o v e  N o r t h  C o n t r o l  
HEXAGRAMMIDAE 
Hemgrammos decagrannm~s 
iiexagrammos super& Ziosus 
Ophiodon e longatus 
Oxy Zebius pictus 
LAB RIDAE 
Ow juZis caZi fornica 
S CORPAENIDAE 
Sebas t e s  earnatus 
Sebas t e s  chrysome Zas 
Ssbastes ms Zanops 
Sebas t e s  miniatus 
Sebas t e s  mystinus 
Sebas t e s  pinniger 
Sebastes rastre Ziger 
Sebastes serranoides 
C L I N I D A E  
Gibbonsia s p .  
NUM13ER O F  S T A T I O N S  
S u b t i d a l  Algae 
2 Through March, 1974, o n i y  two k m2 (2.7 f  t ) samples  of b e n t h i c  a l g a e  
were  t a k e n  a t  t h e  s u b t i d a l  s t a t i o n s .  One sample,  from permanent s t a t i o n  8 
on September 25, 1973, was p a r t i c u l a r l y  r i c h ,  whi '  , the. second sample from 
permanent s t a t i o n  7 on March 1 4 ,  1974, was poor i ; z  comparison.  The t o t a l  
d r y  w e i g h t s  o f  a l g a e  f o r  s t a t i o n s  8 and 7,  r e s p e c t i v e l y ,  were  191.9  gms 
(6.8 o z )  v s .  5 . 0  gms (0 .2  o z ) ,  and t h e  sample f r o m . s t a t i o n  8 was composed 
of 1 4  s p e c i e s ,  whereas ,  t h e  s t a t i o n  7 q u a d r a t  y i e l d e d  5 s p e c i e s .  The two 
more a h u r ~ d a n t  s p e c i e s  were  Botrycg Z o s s m  f'urlowianwn and Hyrnene?zct f Zabe ZZ<ge?a. 
Although l i t t l e  e f f o r t  was d e d i c a t e d  t o  b e n t h i c  r e d  a l g a e  d u r i n g  t h i s  
p e r i o d ,  t h e  l a r g e  brown a l g a e  were rnurr.erated a t  a l l  of t h e  permanent and 
random s u b t i d a l  s t a t i o n s .  A s p e c i a l  e f f o r r  was a l s o  made d u r i n g  f a l l  of  
1973 t o  d e r i v e  a n  a b s o l u t e  p o p u l a t i o n  f l . g u r e  f o r  b u l l  k e l p ,  NereocystLs 
Zeutkeana,  w i t h i n  Diab lo  Cove. 
Seven s p e c i e s  of l a r g e  brown a l g a e  were  observed a t  f o u r  o f  e i g h t  
permanent s t a t i o n s  su rveyed  d u r i n g  f a l l  1973 and w i n t e r  1973-74 (Table  8 ) .  
Of t h e s e ,  D e s n ~ a r e s t i a  herbacea,  D. munda and D i c t y o n e u m  c a l i f o r n i c w n  
were  most f r e q u e n t l y  observed .  None of t h e  enumerated brown a l g a e  occur red  
a t  t h e  f o u r  d e e p e s t  s t a t i o n s  (7 ,  1 0 ,  11, 1 2 ) .  
The numbers of f o u r  s p e c i e s  o f  brown a l g a e  were  counted a t  t h e  random 
s t a t i o n s  (Tab le  9 ) .  Those a l g a  whose abundances were  e s t i m a t e d  ( e s p e c i a l l y  
P e s m a r e s t i a  spp .  and Dictyonaurwn c a l f f o r n i c w n )  a r e  n o t  i n c l u d e d  i n  t h i s  
t a b l e .  Very l i t t l e  s i m i l a r i t y  c a n  b e  d i s t i n g u i s h e d  between Diablo  Cove and 
t h e  North  C o n t r o l  s u b t i d a l  from t h i s  d a t a .  T h i s  is p r o b a b l y  due  p r i m a r i l y  
t o  t h e  low sa.mple s i z e  c o n s i d e r e d  h e r e .  A s  sample s i z e  i s  i n c r e a s e d  a s  
s t u d y  p r o g r e s s e s  th rough  the  Upwelling P e r i o d ,  t h e s e  d i s c r e p a n c i e s  a r e  
TABLE 8. Occurrence o f  Seven S p e c i e s  of Brown Algae Observed During F a l l  1973 and Winter 1973-74 - 
Surveys  a t  Permanent S u b t i d a l  S t a t i o n s  - Diablo Canyon Power P l a n t  S i t e .  
S t a t i o n  number 7 8 9 1 0  11 1 2  1 5  16 
S p e c i e s  
F a l l w i n t e r  F a l l  F a l l  F a l l  Winter  F a l l  Winter  F a l l  F a l l  F a l l  
Cys tose i ra  osmundacea A 
Desnares t i a  herbacea 
Larninu~+a setche l l i i  









s t a t i o n  d e p t h  (m) 10.7 - 12.2  5.5-10.7 6.1-7.6 10.7 - 13.7  15.2 - 16.8 22.9 2.4-12.2 3.0 
S = s p a r s e  
C = comron 
A = abundant 
TABLE 9 .  Number and Frequency of Occurrence of Four Spec ies  of Brown Algae 
by Depth - Random S u b t i d a l  S t a t i o n s  - Diablo Cove and North Cont ro l  - 
Diablo Canyon Power P l a n t  S i t e  - May-June 1974. 
Diablo Cove 
Spec i e s  Depth range :  2.4 - 7.6 m 
. . 
7.9 - 15.2 rn 
Sum Pe rcen t  Mean Sum Pe rcen t  Kean 
frequency frequency 
Cystoseira osrrtundacea 5 8 22.2 6.44 0 0.0 0.00 
Laminaria setcheZZii 1 3 .  55.6 1.44 0(1)  50.0 0.00 
Nereocys t i s  Zeutkeana 210(1) 44.4 26.25 0 0.0 0.00 
Pterygophera ca Zifornica 135 22.2 15.00 0 0.0 0.00 
TOTAL STATIONS 9 2 
North Cont ro l  
Cystoseira osmzuzdacea 0 0.0 0.00 0 0.0 0.00 
Laminam2a setche Z Z i i  0 0.0 0.00 2 2 100.0 11.00 
~Vereocystis Zeutkeana 1 33.3 0.33 118 100.0 59.00 
Pterygophera caZifornica 16 33.3 5.33 44 100.0 22.00 
TOTAL STATIONS, 3 2 
* ( ) Number o f  s t a t i o n s  observed b u t  n o t  counted. 
expected t o  l e v e l  ou t .  The ifereocystis popula t ion  w i t h i n  Diablo Cove 
appeared i n  1973 t o  be on t h e  ascendancy from t h e i r  numbers i n  1970 and 
1971 (F igu re  4 ) .  S ince  t h i s  k e l p  may be  an  important  cold-water o b l i g a t e ,  
i t s  numbers i n  t h e  a r e a  of t h e  d i scha rge  a r e  be ing  c l o s e l y  watclied. Pre- 
l imina ry  obse rva t ions  of t h e  1974 j u v e n i l e  sporophyte crop seem t o  ind i -  
c a t e  a bumper year .  
INTERTIDAL SURVEYS 
Methods 
I n t e r t i d a l  surveys a t  t h e  Diablo Canyon s i t e  were performed us ing  two 
methods: 1) s t r a t i f i e d  racdom sampling, and 2) surveying  permanent t r an -  
s e c t s  e s t a b l i s h e d  by Burge and  Schu l t z  (1973). >lost e f f o r t  went t o  random 
sampling, b u t  permanent s t a t i o n s  were surveyed once du r ing  t h e  f i r s t  h a l f  
of 1974. 
For  t h e  random sampling program, f o u r  s tudy  a r e a s  were e s t a b l i s h e d ;  
t h r e e  i n  t h e  a r e a  of coo l ing  system discharge  (Diablo Cove) and one c o n t r o l  
a r e a  about  2.5 km (1.6 mi l e s )  n o r t h  of t h e  p l a n t  s i te  (Figure  3 ) .  A l l  of 
t h e  a r e a s  a r e  p r imar i ly  composed of rocky s u b s t r a t e ,  e i t h e r  a s  benches o r  
a s  medium-size boulders  0.6 t o  1.5 m ( 2 t o  5 f t )  i n  diameter .  The r a t ion -  
a l e  f o r  e s t ab l i s f i i ng  t h r e e  s tudy  a r e a s  w i t h i n  Diablo Cove was based on t h e  
need t o  sample sma l l e r  a r e a s  w i t h  hope of reducing s t a t i s t i c a l  v a r i a b i l i t y  
among popula t ions  of p i n n t s  and animals .  The t h r e e  a r e a s  a r e  a l s o  d i f f e r -  
e n t  i n  makeup and i n  f a c t o r s ,  such a s  c u r r e n t s  ad wave a c t i o n ,  t h a t  a f f e c t  
them. North Diablo Cove I n t e r t i d a l  a r e a  (NDCI) i s  composed p r i m a r i l y  of 
ooulders  w i t h  some 'bench' s t r a t a ,  and p r o f i l e  h e r e  ex tends  t o  about +1.2 m 
(-1-4.0 f t )  above MLLW. DLablo Creek s e p a r a t e s  North Lliablo Cove I n t e r t i d a l  




r e l i e f  benches wi th  comparat ively few boulders  strewn about .  P r o f i l e  i s  
a l s o  lower,  on t h e  average,  than  i n  N D C I ,  extending t o  approximately +0.9 m 
(+3.0 f t )  above MLLW. Diablo Po in t  I n t e r t i d a l  (DPI) i s  an exposed, u s u a l l y  
wave-battered p o i n t ,  cpmposed of cont iguous s t r a t a  wi th  a  b i o t i c  p r o f i l e  
extending t o  t h e  h ighes t  reaches  of wave sp l a sh .  North Control  I n t e r t i d a l  
(NCI), a l though no t  a s  p ro t ec t ed  a s  t h e  Diablo Cove a r e a ,  is c l o s e l y  
s i m i l a r  i n  p r o f i l e  and makeup t o  s t a t i o n s  i n  both  N D C I  and SDCI. 
Each of t h e  t h r e e  Diablo Cove s tudy  a r e a s  c o n s i s t  of n ine  s t a t i o n s  
which a r e  each 32 m (100 f t )  long ( p a r a l l e l  t o  sho re ) .  The North Control 
i s  composed of 20 such s t a t i o n s .  Because of t h e  l a r g e r  s i z e  of N C I ,  s t a -  
t i o n s  were marked wi th  numbered s t a k e s  on t h e  border ing  c l i f f  f a c e  t o  
f a c i l i t a t e  l o c a t i o n .  
Before each sampling pe r iod ,  which corresponds t o  a n  oceanographic 
season,  a  s e r i e s  of s t a t i o n  numbers a r e  chosen from a  s tandard  t a b l e  of 
random numbers. A l t e rna t e  s t a t i o n  numbers were s e l e c t e d  i n  t h e  event  t h a t  
a  primary s t a t i o n  was i n a c c e s s i b l e  t o  sampling. 
The a r e a s  were sampled dur ing  per iods  of minus t i d e s .  A 30-m (99 f t )  
l i n e  marked i n  1 m (3.3 f t )  increments was placed a t  a  s u b j e c t i v e  s t a r t i n g  
p o i n t  and l a i d  a s  c l o s e  t o  water  l e v e l  a s  s e a  swe l l  and topography would 
permi t .  The l e v e l  a t  which the l i n e  r a n  was u s u a l l y  maintained a t  a  con- 
2  2 
s t a n t  h e i g h t .  A ;G m ( 2 . 7  f t  ) meta l  quadra t  bras placed on t h e  s u b s t r a t e  
a t  f o u r  p r e s e l e c t e d  randcn meter marks along t h e  l i n e .  Within each quadrat  
a l l  noncrypt ic  macro inver tebrz tes  l a r g e r  than  10 mm (0.4 inches)  and t h e  
l a r g e r  brown a l g a e  were i d e n t i f i e d  and counted. The s o f t  r ed ,  g reen  and 
sma l l e r  brown a l g a e  w i t h i n  t h e  quadra t  were scraped and c o l l e c t e d  i n  appro- 
p r i a t e l y  l abe l ed  p l a s t i c  g a l l o n  j a r s  o r  p l a s t i c  bags. For each quadra t /  
s t a t i o n  t h e  fo l lowing  informat ion  was recocded on a  p l a s t i c  s h e e t ;  quadra t  
number, t ime a t  c o l l e c t i n g ,  approximate he ight  r e l a t i v e  t o  t i d a l  l e v e l ,  
counts  of i n v e r t e b r a t e s  and l a r g e r  brovm a l g a l  s p e c i e s ,  and an e s t ima t ion  
of percent  cover by a r t i c u l a t e d  c o r a l l i n e  a lgae  and PhyiZospadix scouleri .  
Counts of aba lone  along a  2 m (6.6 f t )  s m t h  of t h e  30 m (99 f t )  t r a n s e c t  
l i n e  were a l s o  made a t  most of t h e  s t a t i o n s .  
The s o f t  a l g a e  were c o l l e c t e d  t o  determine t h e i r  s p e c i f i c  biomass (dry 
weight)  i n  t h e  sarr,pled a r e a s .  I n  t h e  l abo ra to ry ,  a l g a e  san:ples were e i t h e r  
placed i n  fo rma l in  t o  be  worked up a t  a la ter  t ime,  o r ,  p r e f e r a b l y  worked 
up f r e s h .  "Working up'' e n t a i l e d  trashizg t h e  sample i n  f r e s h  water t o  
remove a s s o c i a t e d  s a l t s  and d e t r i t u s ,  d r ~ i n i n g  thoroughly,  s o r t i n g  t o  
s p e c i e s ,  ob ta in ing  a  'wet '  weight ,  and, a f t e r  a minimum per iod  of 24 h r  fn 
a dry ing  oven a t  60 t o  70°C (140 t o  i58°F), ob ta in ing  a  dry  weight f o r  each 
s p e c i e s .  Weights were measured on a  t r i p l e  beam ba lance  t o  t h e  n e a r e s t  
0 .1  g (0.004 02) .  This  method has been used by o t h e r  workers performing 
a l g a e  biomass s t u d i e s  (Doty 1969; tIanaen 1972).  
I n  order  t o  f a c i i l t a t e  l a t e r  q u a n t i f i c a t i o n  of i n v e r t e b r a t e s  and a l g a e ,  
t h e  i n t e r t i d a l  was d iv ided  i n t o  t h r e e  semi-arb i t ra ry  v e r t i c a l  l i f e  zones 
l abe l ed  A ,  B & C ,  which roughly correspond t o  R i c h e t t s  and Ca lv in ' s  (1962) 
Zones 2 ,  3 & 4. Zone A i nc ludes  t h e  i n t e r t i d a l  from 0.9 m (3 f t )  above 
mean lower low wa te r ,  t o  approximately 1 . 8  m (6 f t ) ;  Zone B encompasses t h e  
a r e a  from 0.0 t o  f0 .9  m (0.0 t o  3.0 f t ) ; a ~ i d  Zcne C r e p r e s e n t s  t h e  a r e a  
exposed below 0.0 m. 
Four of t h e  f i v e  permanent s t a t i o n s  e s t a b l i s h e d  i n  1970 were remarked 
us ing  methods developed by Rurge and Schul tz  (1973). Seve ra l  s t a t i o n s  
which could no t  be found aga in  were r e e s t a b l i s h e d  i n  a r e a s  s i m i l a r  t o  t h e i r  
o r i g i n a l  l o c a t i o n .  When t h e  survey of t h e s e  s t a t i o n s  was conducted i n  June,  
one c r u c i a l  s t a t i o n  marker and a t  l e a s t  two o t h e r  quadrat  markers could no t  
be found and t h e  d a t a  y i e lded  by our  surveys  was only p a r t i a l .  Although i t  
was hoped t h a t  resurveys  of t h e s e  permanent s t a t i o n s  would provide a  source  
of cont inuous informat ion ,  i t  cow appears  t h a t  t h e  b e s t  da t a  we can expect  
w i l l  come from a comparison of abalone counts  from the  t r a n s e c t s .  
R e s u l t s  
The d a t a  f o r  i n v e r t e b r a t e s ,  a r t i c u l a t e d  c o r a l l i n e s  and su r f  g r a s s ,  
PhyZZospadix scouZer i ,  a r e  q u a n t i f i e d  from samples taken between November 
1973 and June 1974. The r eason  f o r  t h i s  i s  t h a t  t hese  popula t ions ,  whi le  
being c y c l i c a l  t o  some e x t e n t ,  are largely- considered pe renn ia l .  However, 
t h e  d a t a  f o r  t h e  ' s o f t '  (non-calcareous) a l g a e  a r e  presented  only from sam- 
p l e s  c o l l e c t e d  dur ing  t h e  Davidson Per iod ,  November through February. Most 
of t h e  green ,  red  and brown a l g a e  a r e  annual  i n  occurrence and some have 
a d u l t  l i f e  s t a g e s  l a s t i n g  only a  f e w  months. To t r e a t  t h e i r  popula t ions  a s  
p e r e n n i a l  would very  l i k e l y  cause g r e a t  s t a t i s t i c a l  v a r i a t i o n .  
The numbers and c a l c u l a t i o n s  of abundance and occurrence a r e  t a b u l a r l y  
presented  by ca tegory  of animal or  p l a n t ,  by s tudy  a r e a  and by i n t e r t i d a l  
p o s i t i o n  (zone) .  Confidence i n t e r v a l s  were c a l c u l a t e d  f o r  mean biomass and/ 
o r  mean percent  cover  of t h e  d i f f e r e n t  c a t e g o r i e s  of p l a n t s  s t u d i e d ,  b u t  due 
t o  sma l l e r  numbers and g r e a t e r  v a r i a t i o n  involved ,  no confidence i n t e r v a l s  
were c a l c u l a t e d  f o r  i n v e r t e b r a t e s .  Confidence i n t e r v a l s  may be worth ca l -  
c u l a t i n g  when a  f u l l  year  of d a t a  i s  a v a i l a b l e .  
Random S t a t i o n s  
I n v e r t e b r a t e s  
Diablo Po in t  I n t e r t i d a l .  Area (DPI). The i n v e r t e b r a t e s  enumerated from 
2 t h e  %i m2 (2.7 f t  ) samples from both Zones A and B (Tables 10 and 11)  a r e  
TABLE 10. Numbers and Percent  Frequencies of Occurrence of I n v e r t e b r a t e s  
Found i n  I n t e r t i d a l  % m2 Samples (N=6), Zone A,  Diablo Po in t  
I n t e r t i d a l  Area - Diablo Canyoc Power P l a n t  S i t e  - November 
1973 t o  June  1974. 
Spec ies  S urn ~ e a n / h *  Percent  frequency 
COELENTERATA 
Anthop Zema e Legantissirnu 2 0.33 
Anthop Zeura =canthogrammica 10 1.67 
ANNELIDA 
Uniden t i f i ed  n e r e i d  
ARTHROP ODA 
BaZan.7~ sp .  
Pachyche Zes s p  . 





Fissure 2 Za vo Zcuno 
HaZiotis cracherodii 5 0.83 
Ma ZpaZia spp . 10 1.67 
My ti Zm caZi fornunus 40 6.67 
NuttaZ Zina ca Z i  fornica 5 0.83' 
TeguZa brunnea 5 0.83 
Tonice Z Za Zinea-ta 1 0.17 





































































